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Abstract
Aims Clavicle fracture nonunions are extremely rare in chil-
dren. The aim of this systematic review was to assess what 
factors may predispose children to form clavicle fracture non-
unions and evaluate the treatment methods and outcomes.
Methods We performed a systematic review according to 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines, aiming to find papers reporting clavicle 
fracture nonunion in children under the age of 18 years. Data 
was collected on patient demographics, fracture type, mech-
anism of injury (MOI), surgical intervention and reported 
outcome. Two independent reviewers evaluated all the data. 
Results A total of 13 articles reporting 21 cases of clavicle frac-
ture nonunion were identified. The mean age at time of inju-
ry was 11.4 years (4 to 17). Falls were the most common MOI. 
The majority of nonunions occurred after displaced fractures 
on the right side. Six were refractures. Mean time of presenta-
tion following injury was 13.5 months (4 to 60). In all, 16 
were treated surgically. Radiographic union was eventually 
achieved in 12 cases, with functional outcome satisfactory in 
all cases.
Conclusion Clavicle nonunion is an extremely rare but 
 possible complication in children. The majority occur after 
displaced right-sided fractures or refractures and present 
around one year after injury. Surgical fixation provides good 
radiographic healing and functional outcomes.
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Introduction 
Clavicle fractures are among the most common bony 
injuries in the paediatric population, accounting for 7% 
to 15% of all paediatric fractures.1,2 Approximately 95% 
of clavicle fractures in children occur within the middle 
third.2-4 The vast majority of these fractures are treated 
conservatively with a supportive sling and yield excel-
lent results.2,4-11 Whilst clavicle fracture nonunion is a 
recognized complication in the adult population, with 
reported rates ranging from 6% to 12%,12-14 the incidence 
of nonunion in the paediatric population is extremely 
rare.
There are currently very few published retrospective 
reviews that include the incidence of clavicle nonunion in 
children.15,16 We present findings from a systematic review 
of the literature on this rare condition. We aim to discuss 
potential risk factors for occurrence of clavicle fracture 
nonunion and re-examine the current management of 
clavicle fractures in the paediatric population. 
Materials and methods
Search strategy
A systematic review was conducted according to Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines.17 An online literature search 
was carried out on all databases through the OVID inter-
face, from their inception to the search date of 15 August 
2017. These include Embase, MEDLINE, PsychINFO and 
 Journals@Ovid. The search strategy terms used on MED-
LINE (via OVID) are shown in Table 1. In addition, searches 
of grey literature were conducted using Google Scholar, 
Web of Science and British Medical Journal Case Reports. 
The search strategy was modified for the other databases. 
The reference list for each potentially eligible text was 
reviewed to identify any additional relevant articles.
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Table 1 Search terms used to interrogate MEDLINE (via OVID)
1. Clavicle [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier]
2. Nonunion [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier]
3. Non-union [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier]
4. 2 or 3
5. 1 and 4
6. Child [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier]
7. Paediatric [mp = title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier]
8. 6 or 7
9. 5 and 8
Eligibility criteria and identification 
The systematic review included studies of any design 
reporting on: 1) nonunion following a clavicle fracture; 
2) patients under the age of 18. We excluded: 1) papers 
with insufficient demographic details such as the age or 
gender of the patient; 2) cases of nonunion in skeletal 
dysplasias or congenital pseudoarthroses; and 3) papers 
written in languages other than English.
Two authors (KH and JK) conducted electronic searches 
independently. Screening of the titles and abstracts to 
identify potentially eligible citations were also conducted 
independently. Disagreements were resolved in consen-
sus. The senior author (YG) was consulted when required 
to assess the suitability of the text for inclusion. Potentially 
eligible texts were read and reviewed in full. Both review-
ers demonstrated substantial agreement.
Data extraction and critical appraisal
Two reviewers (KH, JK) independently extracted all data 
relevant for systematic review with the use of a data col-
lection table. The data extracted included: age at injury, 
gender, mechanism of injury (MOI), laterality of injury, 
fracture displacement, site (medial, middle or lateral 
third), history of refracture, time from injury to diagnosis 
of nonunion, treatment (surgical or conservative) and evi-
dence of radiological union. Data extraction was deemed 
complete once all reviewers were in complete agreement.
Results 
The initial literature search resulted in a total of 315 articles. 
Once duplicates were removed, 212 articles remained. An 
initial screening of titles and abstracts yielded 92 poten-
tially eligible articles. Inclusion and exclusion criteria were 
utilized on the full texts of these. From this, 19 potentially 
eligible papers were identified. A paper written in French18 
and a case of cleidocranial synostosis19 were excluded. 
Four papers without any details on individual patients’ 
age and gender were excluded.3,20-22 This resulted in a 
total of 13 articles4, 15, 16, 23-32 reporting 21 cases of clavicle 
nonunion in patients under the age of 18.
An overview of the literature selection process is shown 
in Figure 1.
Table 2 gives an overview of the data extracted from 
the literature search. A total of 13 articles reporting 21 
cases of clavicle nonunion were identified. A total of 14 
patients were male and the mean age at time of injury 
was 11.4 years (4 to 17). The MOI was stated in 17 of 
cases. Falls were the most common MOI and caused 14 
of these 17 cases. Two children fractured their clavicle in a 
road traffic accident and one during karate. In the 12 cases 
where laterality was stated, 11 were right-sided fractures. 
The location of the fracture was mentioned in 14 cases, of 
which two were fractures of the lateral third of the clavicle 
and 12 were fractures of the middle third. In the 12 cases 
where fracture displacement was stated or could be inter-
preted from radiographs, ten were displaced fractures. Six 
were cases of nonunion that occurred after a refracture. 
There were two notable cases of nonunion, one resulting 
in development of an arteriovenous fistula of the external 
jugular vein23 and one case of nonunion in a four-year-old 
boy with vitamin D deficiency.24
Time from injury to diagnosis of nonunion was stated in 
18 of the cases. These cases presented with a mean time of 
13.5 months following initial injury (4 to 60). Management 
strategy was stated in 20 of the cases. In all, 16 were treated 
surgically by means of open reduction and internal fixation 
(ORIF). In six cases a bone graft was used. Of the 21 total 
cases, whether or not radiographic union was eventually 
achieved was stated in 17 cases. There were five persistent 
nonunions in total (four of which were treated conserva-
tively and one persistent nonunion post-surgery following 
three ipsilateral refractures). Of the 16 surgically managed 
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nonunions, whether or not radiographic union was eventu-
ally achieved was stated in 13 cases. In all, 12 of these even-
tually achieved radiographic union. Of the five persistent 
nonunions, four were asymptomatic. Where reported, the 
functional outcome was satisfactory in all cases.
Discussion 
Clavicle fractures are common injuries in both adults 
and children.1,2,33,34 In children, management is normally 
non-operative with a supportive sling and avoidance of 
high-risk activity such as contact sports for several weeks. 
There is ample evidence to demonstrate the efficacy of this 
line of management.2,4-11
Primary surgical fixation of clavicle fractures in chil-
dren is uncommon. In a retrospective review of 939 chil-
dren with clavicle fractures over a 21-year period, only 15 
(1.6%) required operative intervention. The most com-
mon indication was potential skin perforation.35 There 
has been recent debate in the literature regarding the 
Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of data selection process.
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management of clavicle fractures in children, especially 
in those approaching skeletal maturity. Whilst better func-
tional outcomes following surgery have been previously 
reported,36 there is recent evidence to suggest there is no 
difference in outcomes between operative and nonopera-
tive management.8,37,38 Primary operative fixation is mainly 
reserved for open or impending open fractures, poly-
trauma, floating shoulder injuries, completely displaced 
and significantly shortened fractures in adolescents or 
high-performing adolescent athletes.7-9,39-41
Paediatric clavicle fracture nonunion is extremely rare. 
Even in large retrospective reviews of clavicle fractures in 
children, no nonunions have been identified. For exam-
ple, Kessler et al3 found no cases of nonunion in their 
retrospective study of 791 children and adolescent clav-
icle fractures; 28% of these fractures were displaced and 
2.2% were refractures. A retrospective study in Ireland of 
190 clavicle fractures (35% displaced) in children aged 
less than 16 years, found that none went on to develop 
nonunion.11 Randsborg et al25 retrospectively reviewed 
the outcome of 185 clavicle fractures in the adolescent 
population (37.8% being displaced mid-shaft fractures) 
and found only one case of nonunion and one case of 
delayed union at two-year follow-up, both of which were 
completely displaced. Strauss et al4 found only one case 
of clavicle fracture nonunion and three delayed unions 
across their four-year series of 537 children. They deemed 
predictors for delayed union and nonunion to be com-
plete fracture displacement and increasing age.
A limited number of reviews have specifically looked at 
the incidence of clavicle nonunion in children. A recent 
retrospective ten-year review across nine hospitals sought 
to find all cases of clavicle nonunion in patients younger 
than 19 years. A total of 25 cases were identified, with a 
mean age of 14.5 years (10.0 to 18.9). In all, 13 of these 
were completely displaced fractures and eight were refrac-
tures. All of these were managed surgically.15 A 21-year 
review of clavicle fracture nonunion in both adults and 
children identified 31 cases of clavicle nonunion. Six of 
these were in children, with only two in children aged less 
than 15 years old.16 In all, 21 fractures were completely 
displaced and seven were refractures. As acknowledged 
by Pennock et al,15 such a limited set of cases makes draw-
ing larger conclusions and analysis of risk stratification 
difficult. This systematic review re-affirms that completely 
displaced fractures and refractures of the ipsilateral clavi-
cle may be more predisposed to nonunion.
It is important to distinguish fracture nonunion from 
congenital pseudoarthrosis of the clavicle.42 These gener-
ally occur in females on the right side,43,44 and present at 
birth as a painless lump on the clavicle that can grow with 
time without any history of trauma. The distinctive radio-
graphic features were described by Owen.10,45
We note with interest that the vast majority of the cases 
occurred on the right side. Smith and Williams26 have 
made the connection between this and the predominance 
of congenital pseudoarthrosis on the right side. They 
hypothesized that these may be underlying subclinical 
pseudoarthroses not visible on a plain radiograph that 
predispose the clavicle to fracture and subsequent non-
union. There is no clear laterality predominance of clavicle 
fractures in adults33,34 and published epidemiological data 
on the laterality of clavicle fractures in children is too lim-
ited to explore a hand dominance hypothesis.
It is noteworthy that of the cases reviewed, only five 
nonunions (24%) occurred in children older than 14 
years, compared with 16 (76%) in children younger than 
14 years. We would expect to see a greater incidence of 
nonunion in adolescents as they approach skeletal matu-
rity and the adult clavicle nonunion rate of 6% to 12%.12-14 
Although this has been the case in other series,3,4,15 the rel-
atively younger mean age of 11 years in this review could 
be attributed to reporting bias of this rare outcome.
Surgical fixation was performed in 16 of the 20 cases 
where management strategy was reported. All cases 
managed surgically with an ORIF from 2009 onwards 
(n = 11) utilized plate and screw fixation. Six of these 
cases used bone grafting. Other ORIF techniques used 
included screw fixation alone or intramedullary fixation. 
Radiographic union was achieved in 12 of the 17 cases 
where this was reported. Good functional outcomes were 
achieved in all cases. This would suggest that stabilization 
of these fractures is key in achieving fracture consolidation 
and supports the hypothesis of inadequate biomechanics 
for fracture healing and not inadequate physiology. 
Despite its rarity, clavicle fracture nonunion in children 
remains possible and must be taken into consideration 
when managing this common injury. Jain et al27 sug-
gested that all children should have radiographic evidence 
of fracture union prior to discharge from the orthopae-
dic outpatient clinic. However, the majority of evidence 
suggests that serial imaging of the clavicle in asymptom-
atic children is unnecessary.11,46 While symptomatic non-
unions following displaced clavicle fractures in adults are 
quite common12-14, this review demonstrates this is not the 
case for children, and conservative management should 
remain the mainstay of primary treatment. However, cli-
nicians should be aware that, unsurprisingly, completely 
displaced fractures and refractures may show a greater 
propensity to nonunion. 
We do not advocate routine utilization of serial radio-
graphs and follow-up appointments to confirm fracture 
union. We do advocate a pragmatic approach to the treat-
ment of these seemingly benign injuries. Parents or guard-
ians should be given appropriate information regarding 
management and red flags and be advised to report any 
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on-going pain following a standard period of supportive 
sling treatment.
There is little contention on the management of clav-
icle fracture in children. Nonunion is a rare but possible 
complication which can be managed successfully with 
surgical fixation. This review re-affirms that completely 
displaced fractures and refractures may show a greater 
propensity to nonunion. It is important that clinicians 
are aware of this rare complication and are prepared to 
offer surgical fixation when nonunion is identified. Further 
work is needed on further risk factors that may predispose 
children to clavicle fracture nonunion.
Clinical Relevance 
This is a systematic review of a rare outcome of a very com-
mon paediatric fracture. This review re-iterates previously 
proposed risk factors for clavicle nonunion to allow clini-
cians to be vigilant in their identification and treatment of 
this rare, but potentially debilitating outcome.
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